Deoxyribonucleotide pool imbalance stimulates deletions in HeLa cell mitochondrial DNA.
Mitochondrial neurogastrointestinal encephalomyopathy (MNGIE) is an autosomal recessive disorder associated with multiple mutations in mitochondrial DNA, both deletions and point mutations, and mutations in the nuclear gene for thymidine phosphorylase. Spinazzola et al. (Spinazzola, A., Marti, R., Nishino, I., Andreu, A., Naini, A., Tadesse, S., Pela, I., Zammarchi, E., Donati, M., Oliver, J., and Hirano, M. (2001) J. Biol. Chem. 277, 4128-4133) showed that MNGIE patients have elevated circulating thymidine levels and they hypothesized that this generates imbalanced mitochondrial deoxyribonucleoside triphosphate (dNTP) pools, which in turn are responsible for mitochondrial (mt) DNA mutagenesis. We tested this hypothesis by culturing HeLa cells in medium supplemented with 50 microM thymidine. After 8-month growth, mtDNA in the thymidine-treated culture, but not the control, showed multiple deletions, as detected both by Southern blotting and by long extension polymerase chain reaction. After 4-h growth in thymidine-supplemented medium, we found the mitochondrial dTTP and dGTP pools to expand significantly, the dCTP pool to drop significantly, and the dATP pool to drop slightly. In whole-cell extracts, dTTP and dGTP pools also expanded, but somewhat less than in mitochondria. The dCTP pool shrank by about 50%, and the dATP pool was essentially unchanged. These results are discussed in terms of the recent report by Nishigaki et al. (Nishigaki, Y., Marti, R., Copeland, W. C., and Hirano, M. (2003) J. Clin. Invest. 111, 1913-1921) that most mitochondrial point mutations in MNGIE patients involve T --> C transitions in sequences containing two As to the 5' side of a T residue. Our finding of dTTP and dGTP elevations and dATP depletion in mitochondrial dNTP pools are consistent with a mutagenic mechanism involving T-G mispairing followed by a next-nucleotide effect involving T insertion opposite A.